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On the Stability of Results based upon Average Calculations, con- 
sidered with reference to the Number of Transactions embraced. 
By Robert Campbell, M.A., Advocate, Edinburgh, and 
Fellow of Trinity Hall, Cambridge. 

[Read before the Institute, 31st December, 1860, and ordered by the Council 

to be printed.] 

AN article published in this Journal last January (vol. viii., p. 316), 
proposed itself the problem of furnishing a test whether the degree 
of uniformity, or the reverse, observed in a table of statistics, 
required to be assigned to any other cause than the relative mag- 
nitude of the numbers of combinations which each figure in the 
table represented. The formulas obtained in that article gave a 
general solution to the problem proposed, by giving an expression 
for the ratios of the numbers of such combinations which would 
be embraced under any figure in the table; and, consequently, 
expressing the relative frequency with which each number should 
be expected to occur from the mere consideration of counting the 
combinations represented by it. 

These formula? will aid in the solution of another and a much 
more useful problem — namely, to give us the power of prediction, 
in some very important practical cases, as to the stability to be 
expected in future results calculated from the observation of an 
average. The simplest case is that where the data on which the 
calculation is founded are taken from so large sources as to be 
considered complete. 

The problem proposed in the following pages is this : To show 
the degree of stability to be expected in the numbers representing the 
deaths in a given period to be experienced in the course of a life 
assurance business of given amount — the problem, for the present, 
being treated on the supposition that the data on which the calcu- 
lations of the Office are based are sufficiently large to furnish the 
true average. 

The relation, it may be remarked, between the extensiveness of 
the data and the accuracy of the average deduced from them, is 
implicitly given by the formulae in page 321 of the above article, 
which may be the subject of future expansion. Enough, for the 
present, to observe, that when a (the number representing the 
number of years - for which observations are taken) is very large, 
the formulae approximate to expressions independent of a alto- 
gether — which, looking at the considerations on which these 
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formulae are obtained, means to say that the true average has 
been approximately arrived at. Again: the true average being 
arrived at, the formulae on page 324 represent the relative fre- 
quency with which numbers differing from the average by any 
given amount may be expected to occur; but as these formulae 
may be obtained more simply and from less complicated con- 
siderations than those involved in the above article, I shall proceed 
to obtain them by a more direct method. 

Suppose that we have a sufficient number of observations for 
obtaining with certainty the average percentage of persons of a 
given class to whom a certain event happens in a given time. 

Let a society consist of n persons, who are supposed so far 
unconnected with each other that the event contemplated hap- 
pening to one does not make it more or less likely to happen to 
another, and that of these n persons we know of no reason why it 
should happen to one rather than another, but that they are all of 
the given class on which the above observations are made. And 
suppose that, according to the average above found, the number 
out of n persons to which the event should happen is b. 

Let us designate the above persons by A„ A 2 . . . A„ ; then, by 
the above hypothesis, the probability of the event happening to A, is 



and the probability of its not happening to A 2 is 

n 
The probability, therefore, of its happening to A! and not to A 2 is 

-('--)< 

n \ n J 
and that of its happening to A, and neither to A 2 , A 3 , nor A„, is 

b -(i- b -r. 

n\ n j 

But, of course, the same will be the probability of its happening to 
A 2 and not to A x , A 3 , nor A„; and, therefore, the probability of 
its happening to one person only out of the whole society is 

n h -U- h -V=oh- h - 
n\ n } \ n 

VOL. IX. 
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The probability of its happening to both k x and A 2 is 



and that of its happening to both A x and A 2 , and not to any of 
the rest, 

m-ir 

The probability, therefore, of its happening to two persons only out 
of the society is 

n(n-l) (b\*f, 5Y" 2 

~~2— \nJV-n) -' 
that of its happening to three persons only, 



«(»-l)(«-8) (bj ]{l 



1.2.3 \n 



jy-8 
n) 



The law is evident, and we shall only further write down the 
probability of its happening to exactly b persons out of the Society, 
and no more nor less, which is 



»(»-l)(n— 2) . . . (n— b+l)(b 



1.2.3 b 



n J \ n J 



This will be the most probable number, for it has been obtained 
from the last by multiplying by 

n-b + 1 b I, iV 1 n-b+1 b n-b + 1 ,. ,. ^ , 
. - . 1 = ^ — . r = j— , which is > 1 ; 



b n \ n / b n — b n — b 

and the next would be obtained from it by multiplying by 

n -b It, jyi n-b b b ,. , . j , 1 

. - . 1 = ; . r = i — 7 > which is < 1. 

4+1 n V nj b+1 n—b b+1 

If we now compare the probability of the number b being the 
exact number out of the society to whom the event happens, with 
that of 6—1, b— 2, and so on being the number, and then with that 
of b+ 1, 6+2, and so on being the number, the ratios will be — 

* So far, this investigation is substantially identical with one which is well known — 
the language of the above being, for the sake of clearness, adapted to the case here con- 
templated. The simplifications which follow, admitting the definite working out of the 
problem in the most useful practical form, are believed to be new. 

The mathematical demonstration of the stability of average results, a principle on the 
practical truth of which the whole fabric of assurance business rests, has, I believe, 
hitherto rested on very general grounds borrowed from investigations of La Place, which 
were chiefly worked out in a totally different direction, and apply only to the problem 
now under consideration in the case where the numbers are very large. In other words, 
it has been proved that the results of extensive transactions of this kind approach to 
stability, but no definite relation has hitherto been given between the extent of trans- 
actions and the degree of stability to be expected. 
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Probability of 6 being the number to that of (6— 1) 
n—b+1 b 



b ' n—b 



Probability of b being the number to that of (3—2) 
_ ( w _5+l)(n-fl + 2) / b \« 
~ b (6-1) 'Vn-6/ 

Probability of b being the number to that of (6—3) 
_ (n—b+l)(n—b + 2)(n—b + 3) 
~ b (6-1) (6-2) \n-b 

and so on; and 

Probability of 6 being the number to that of (6 + 1) 
6 + 1 n—b 



"2 



a 3 



n 



-6" 6 



Probability of 6 being the number to that of (6+2) 
(6 + l)(6 + 2) (n-bV 



(n—b)(n-b—l) 

Probability of 6 being the number to that of (6+3) 

(6+1) (6 + 2) (6 + 3) (n-b\* 



a 2 



"3 



(n—b)(n—b—l)(n—b—2) \ 6 
and so on. 

It is evident that, after getting a certain length, these numbers 
will increase with enormous rapidity. That rapidity of increase is 
the test of the stability of calculations proceeding upon average 
results, and we shall best show how it may be applied to practical 
cases, by dealing with actual numbers and taking advantage of all 
the approximate simplifications which they will supply to us. 

It is plain that if n is very large compared to b, we may neglect 

, » , n—b + 1 n—b + 2 n—b . ... ., 

such iactors as =— , =— , j — -: m which case the 

n—b n—b n—b — I 

above ratios will be very much simplified, and will depend on the 

value of b alone. They will become 

6 _ (6 + l)(6 + 2) 

tt 3-£ZP " 2 - P ' 

a - b * a - (»+l)(* + 2)(ft + 3 ) 

*•- (b-l)(b-2) ' " 3 - P ' 

and so on. 

The practical extent to which we may extend this simplification 
will soon appear from a numerical example. Suppose n= 1,000, 
and let b — 1, which will very nearly represent the mortality among 
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persons of 20 years of age according to the Carlisle Tables ; we 
have then n— 6 = 993, and, substituting these values in the expres- 
sion first given for a x , a a , &c, we have — 

_994 _7 994 

a,_ T~ , 993""993 X ' 

994.995 / 7 V 994 995 



^""7.6 X V993/ — 993 '993 X 6' 

_ 994.995.996 / 7 \ 8 _ 994 995 996 7 7 
° 3_ 7 . 6 . 5 ' V9937 ~" 993 ' 993 ' 993 X 6 ' 5 ' 
and so on ; and 

8 993_8 

8 . 9 /998 V _ 8 9 993 
" 2 ~ 993.992 '[ 7 ) - 7'7'992' 

8 . 9 . 10 /993y_8 9 10 993 993 
° 3— 993.992.991 ' [~7~ j ~ 7 ' 9 ' T X 992 ' 991 ' 
and so on. 

Now, it will not make much difference in the rapidity with 
which these ratios, a ly a 2 , a 3) &c, and «n, a 2 , a 3 , increase, especially 
when we get beyond the first two or three, if we neglect such a frac- 

996 7 993 . 10 

tion as g^s in comparison with ^, or g^y in comparison with -=- . 

We need only remember, that if we had not neglected these 
fractions the stability of results would have been found to be 
rather greater. 

Again: let n— 1,000, as before, and let 6=96, which will 
nearly represent the mortality at the age of 75 from the same 
tables j then n— 6=904, and we have — 
_ 905 96 _ 905 
ai -"96~'904-904 X ' 



_ 905.906/ 96 \ 2 _ £05 906 96 
° 2- 96.95 V904 j - 904 * 904 X 95 ' 



and 



_ 905.906.907 / 96 V _ 905 906 907 96 96 
° 3- 96.95.94 V904/ ~" 904 * 904 ' 904 X 95 ' 94' 



97_ 904 97 
304' 9 
97.98 



"' 904' 96 _ 97' 



/904\ 2 _97 98 904 
'V96/ ~~ 96' 96 X 903' 



904.903 
97.98.S 
904.903.902 ' \1)6 ) ~ 96 ' 96 ' 96 " 903 ' 902 ' 



97.98.99 / 904V _ 97 98 99 904 904 

a 3 — nr\A oao nno • \ ac J gg ' Q« ' Q« * ---••--- 
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Now, as before, and having an eye to the use we are about to 

make of these figures, it will not materially affect our results if we 

neglect the fraction involving the large figures in comparison of 

the others corresponding to them. We might, perhaps, retain all 

905 
through «i, a 2 , a 3 , the factor Q^g-j but even this may, for the 

present, be neglected — only remembering that in what follows we 
shall slightly underestimate the stability of results to be expected 
from considerations based on an average. 

Now, suppose the lives assured in an Office comprise various 
ages between 20 and 75 (if there are a few over the latter age, 
which we fixed on merely for illustration, it will not materially 
affect our results) ; and suppose that, according to the tables, 
taking the due proportion of lives to each age, the whole number 
of lives that should fall next year is 96. It scarcely requires 
proof that what I call the stability of this expectation — that is, the 
rapidity of increase of the numbers representing the ratio of the 
probability of this result to the respective results of 95, 94, 93, &c, 
97, 98, 99, &c, lives falling — will be intermediate to the stability 
of expected results in two hypothetical cases — namely, these : — 

Take first the case of an Office which should have nothing but 
lives aged 75 assured, and whose expected number of deaths next 
year was 96. 

Then take the case of an Office which should have nothing but 
lives aged 20 assured, and whose expected number of deaths next 
year was also 96. 

The first hypothetical Office must have just 1,000 lives assured, 
and the values of a u a 2 , &c., in its case, are just those found above 
on p. 220. 

The second hypothetical Office must have a number of lives 

assured equal to 96 x -^= — = 13,914. We should then have to 

make w=13,914, £=96, and w-£=13,818. 

But from what has been shown above, in estimating the sta- 
bility of either, we might have, for all practical purposes, neglected 
the value of n. The stability in either case, therefore, is nearly 
the same — depends on J =96 alone, and not on n — and may be esti- 
mated from the values of a 1} a 2) &c, on p. 219; and the stability 
thus estimated, being a sufficient approximation to the stability of 
results to be expected in either of the hypothetical cases, is a 
sufficient approximation to that in the real case which lies between 
them. 
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The formulae on p. 219, then, easily supply the means of con- 
structing tables by which it may be shown at a glance, in the case 
of an Office expecting (according to average calculations) that a 
certain number (say 50) of lives will fall in the course of the year, 
what are the relative probabilities of the number of lives actually 
falling being 50, 49, 48, &c, 51, 52, 53, &c. 

This being done, it will easily appear how, finally, we can form 
a table showing, if the number on an average calculation be given, 
what is the probability of the true number being found to differ 
from the calculated one by more than a given percentage of its 
amount, which I conceive to be the best form in which the relation 
between the stability of an assurance business and the number of 
its transactions can be exhibited. 

After what has been said, the tables which follow will sufficiently 
explain themselves. In what follows we shall adopt the following 
notation : — 

*,(*) = |=1, 

**(*) = -T-. 



M*) = p > 



and 



,„ (&-l)(ft-2) (i-n+1) 

9n\0) = j^TI ! 

W5) = (6+l)(6 + 2)(J+8) ' 



^ = (4+1) (6 + 2). . . . (b+n)' 
the reciprocals of the expressions on p. 219. 
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Finally, Table IV., showing the probability on the hypothesis of the pre- 
ceding investigation of the occurrences in a given period exceeding the 
average by more than a named percentage. 



Per 

Cent. 


Average Numbed. 


20. 


25. 


30. 


40. 


50. 


70. 


100. 


200. 


500. 


1,000. 


5 
10 
15 
20 
25 
30 
40 
50 


•35544 
•27939 
•21250 
•15677 
•11218 
•07788 
•03433 
•01347 


•37062 
•29981 
•23659 
•13668 
•09998 
•07144 
•02244 
•00919 


•38137 
•25568 
•20270 
•11963 
08897 
•04625 
•01482 
•00396 


•33820 
•23413 
•11705 
•09247 
•03551 
•02806 
00658 
•00120 


•35417 
•21553 
•14156 
•07216 
•04239 
•01726 
•00297 
•00037 


•33189 
•18387 
•10658 
•04483 
•02114 
•00672 
•00063 
•00004 


•28711 
•14711 
•06314 
02263 
•00675 
•00166 
■00006 


•23407 
07755 
•01766 
•00275 
•00029 
•00002 


•19821 
02002 
•00074 
•00001 - 


•05604 
•00087 
•00001 - 



The numbers above the columns denote the numbers that 
should occur according to the observed average ; tbe numbers on 
the left, the percentage of deviation in excess of the average. The 
numbers in a column (say the one headed 50) opposite a certain 
percentage (say 25), give the probability of the occurrences in a 
particular case, in which, according to the average observations, 
they should be 50, exceeding this number by 25 per cent. — that 
is, in this case, of their being 63 or more. A table such as the 
above appears to be the best form of representing, at a glance, the 
relation between the stability of the probable results and the 
magnitude of the field on which they are looked for. 

It is easy to see how the table (IV.) thus finally arrived at, 
gives the solution of the problem with which we commenced. 

Table III. gives a more detailed view of the probabilities of 
each particular number occurring, and will also itself furnish a 
very good general idea of what I call the stability of these results. 

The case chiefly contemplated in the foregoing pages is that of 
life assurance ; but the columns corresponding to small values of 
b will give a good idea of the stability to be expected in such a 
business as marine assurance (for instance). 

The somewhat large values of b will express the kind of risks 
incurred in fire and life businesses, which have not secured a large 
connexion. The columns for higher values of b explain how the 
risk arising from fluctuations of luck becomes diminished as the 
number of transactions increase — becoming, indeed, in tbe case of 
very large Offices, an element of much subordinate importance to 
the fluctuations in the money market, which appear less reducible 
to law. 
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Take, for example, the case of an Office which calculates upon 
losing 70 lives in the course of the year. The odds against the 
losses in the course of the year exceeding this number by 20 per 
cent. — that is, being greater than 84, are about 24 to 1 — that is, a 
result which we may expect to occur only about once in 25 years. 

But, looking at the possible losses in a septennial valuation of 
assets, we shall have to look at the result of taking 490 (say 500) 
as the calculated average. I must remark, by the way, that this 
case does not precisely fulfil the conditions of the problem, because 
the losses in each year are not entirely independent of one another; 
but the result of the distinction will simply be, practically to 
increase slightly the stability to be expected. 

In the case now contemplated, the chances are about 5 to 1 
against the losses exceeding the average by 5 per cent. — and about 
50 to 1 against their exceeding the average by 10 per cent. Again : 
in the case now contemplated, it is considerably more than 
10,000 to 1 against the number exceeding the average by 20 per 
cent.; and the enormous ratio in which these numbers afterwards 
diminish, is just the mathematical expression for the certainty of 
which practice has assured us that the results of such contingent 
transactions on a sufficiently large scale, will, within certain limits, 
compensate each other with unerring certainty. 

I must remark, that the method by which the general part of 
the problem is treated in the present article, might have been 
offered with some hesitation, but for the identity of its result with 
the limiting case of the problem as more completely analysed in 
the former article referred to. The former method seems un- 
exceptionable, as it affords a complete analysis of the combinations 
of events represented by the different numbers, and shows com- 
pletely what an enormous proportion of the possible combinations 
of occurrences is represented by the arrangements, which nearly 
equalize the number of occurences in each year. 

I believe the foregoing pages will be of some interest in a prac- 
tical as well as a theoretical point of view. No doubt, those who 
are deeply conversant with the practical working of Offices, may 
acquire a kind of empirical knowledge of the relation between the 
stability and extent of such business ; but, even to the experienced, 
it is thought that greater precision of ideas may be attained by the 
expression of this relation in figures; and, moreover, it is some- 
thing to be assured that the stability thus experienced requires for 
its explanation no recondite principle of moral or physical laws, 
but is simply demonstrated by an arithmetical computation of the 
▼ OL. ix. R 
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number of possible events, between which there are no data for 
assigning preference of expectation. 

For the sake of readers less familiar with the principles on 
which the reasoning with which we started is founded, it may 
be well to state the result of the present problem in its most 
elementary form. 

Take the case above supposed, where 500 is the average. The 
proposition is this :— Out of various parts of the country, and from 
various occupations, &c, a number of people has been taken, of 
whom, according to the laws of mortality, which (for the present) 
we suppose known with sufficient accuracy, 500 would die in the 
course of the year. For every combination of circumstances which 
would involve the death of a number greater than 10 per cent, of 
the above, there are 50 which would involve the number being 
below this limit. For every combination of circumstances in- 
volving the death of a number exceeding the 500 by 20 per cent., 
there are more than 10,000 equally probable combinations of 
circumstances which will keep the number within that limit. It 
must be kept in view that the problem assumes— what, of course, 
is not quite realized — the true ascertainment of the average law. 
This, no doubt, in the first form of the problem, is implicitly 
involved along with the oscillations about the average here in- 
vestigated; but, I think, the assumption already made will be 
scarcely disputed — namely, that it may be sufficiently ascertained, 
in order to give the problem of the oscillations here treated a 
sufficient standing ground of its own. That being admitted, the 
stability of the results, practically important as it is, is simply the 
arithmetical consequence, and the law of the oscillations about the 
average is that expressed by the above tables. 



The American Life Underwriters' Convention. 

[We drew attention to this important movement in a previous Number,* 
and now present our readers with the Keport of a committee of the Con- 
vention on vital statistics. It will be observed from this Report that data 
have been already collected for the required purpose more extensive than 
those from which our " Combined Experience" Table has been deduced, and 
that the records of many Companies are still to be supplied. This we 
need hardly say is only as it should be, since it seems probable that 
divisions of the experience must be made on account of differences of 

* See vol. viii., p. 268. 
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climate in so wide a range of country, and since also so many of the Com- 
panies are but of recent origination and can afford but slender information 
as to the lives of persons of advanced age. Great skill and judgment will 
evidently be required in the general arrangement of the data, to say nothing 
of that demanded in the ordinary processes of the work. The carrying out 
of the whole, it appears, has been confided to the committee, and we have 
reason to believe that no better or wiser course could have been adopted. 
In a future Number we hope to give the Reports sent in by other com- 
mittees of the Convention. — Ed. A. M.~\ 

Report of the Committee on Vital Statistics. — At a Convention of 
American Life Underwriters, held in this city one year ago, the following 
preamble and resolutions, offered by Mr. Chickering, of Pittsfield, Mass., 
were unanimously adopted: — 

" Whereas it is the opinion of this Convention (in accordance with the 
Report already adopted) that it is very desirable that each of the Companies 
in the United States should unite in contributing towards the determination 
of the general experience of the rate of mortality among assured lives in 
the United States — 

" Resolved — That Messrs. Homans and Eadie, of New York, and 
Russell, of Hartford, be appointed a committee to cany into effect the 
Report on Vital Statistics, adopted by the Convention. 

" Resolved — That in conferring with the different Life Companies, and 
soliciting statements from those not represented in this Convention, the 
committee assure them that such statements shall be regarded as strictly 
confidential. 

" Resolved — That this committee be instructed to treat all statements 
furnished by the several Companies as strictly confidential, and to make 
public only the combined experience ascertained as the result of such 
statements. That as soon as the necessary blanks can be procured, said 
committee furnish them to the different Companies, requesting as early 
replies, and up to as recent dates, as the committee shall see fit. 

"Resolved — That the expenses of collecting and publishing said statistics 
be paid by the Companies jointly, and each Company contributing their 
experience shall be entitled to one or more copies of the same." 

The committee thus appointed have diligently considered the important 
subjects committed to their care, and have spared no pains to induce all 
American Life Companies to unite in a project of such practical utility 
and interest. 

In order to carry out the objects thus contemplated, the committee 
addressed a circular letter to each of the following Companies: — Union 
Mutual, Portland, Maine; National, Montpelier, Vermont; Massachusetts 
Hospital, Boston, Mass.; New England Mutual, Boston, Mass.; State 
Mutual, Worcester, Mass.; Berkshire Mutual, Pittsfield, Mass.; Massa- 
chusetts Mutual, Springfield, Mass.; American Temperance, Hartford, 
Connecticut; Charter Oak, Hartford, Connecticut; iEtna, Hartford, Con- 
necticut; Connecticut Mutual, Hartford, Connecticut; American Mutual, 
New Haven, Connecticut; Mutual Life, New York; New York, New 
York; United States, New York; Manhattan, New York; Knicker- 
bocker, New York; New York Life and Trust, New York; Guardian, 
New York; Washington, New York; Equitable, New York; Home, 
Brooklyn, N. Y.; Royal, of London and Liverpool, England; Inter- 

r 2 
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national, London, England; Liverpool and London, England; Eagle and 
Albion, London, England ; British Commercial, London, England ; 
Mutual Benefit, Newark, N. J. ; Penn Mutual, Philadelphia, Penn. ; Penn- 
sylvania, Philadelphia, Penn.; Girard, Philadelphia, Penn.; American, 
Philadelphia, Penn.; United States, Philadelphia, Penn.; Philadelphia, 
Philadelphia, Penn.; Baltimore, Baltimore, Md.; Southern Mutual, 
Columbia, S. C; Wisconsin Mutual, Milwaukie, Wisconsin; Canada, 
Hamilton, Canada West; in all, thirty-nine Companies. 

To this circular favourable replies were received from the following 
Companies, who have agreed to contribute from the records of their policies 
the data requested to a general fund: — Union Mutual, Portland, Maine; 
National, Montpelier, Vermont; N. E. Mutual, Boston, Mass.; Berkshire, 
Pittsfield, Mass.; Am. Temperance, Hartford, Connecticut; iEtna, Hart- 
ford, Connecticut; Charter Oak, Hartford, Connecticut; Connecticut Mutual, 
Hartford, Connecticut; New York Life, New York, N. Y.; Manhattan, 
New York, N. Y. ; Knickerbocker, New York, N. Y. ; Mutual Life, New 
York, N. Y; Washington, New York, N. Y; Equitable, New Y6rk, N.Y.; 
Guardian, New York, N. Y.; Mutual Benefit, Newark, N. J.; Penn 
Mutual, Philadelphia, Penn.; Girard Life and Trust, Philadelphia, Penn.; 
Am. Life and Trust, Philadelphia, Penn.; Southern Mutual, Columbia, S.C.; 
Canada Life, Canada; Royal, Liverpool and London, England; in all, 
twenty-two Companies. 

The United States, of New York, contemplate the publication of their 
experience in a separate form. 

Completed returns from the following Companies have been received 
by the committee: — National, Etna, Connecticut Mutual, Royal (of Liver- 
pool and London), Equitable, Girard Life and Trust, American Temperance, 
Charter Oak, New York Life, Mutual Life of New York, Washington, 
American Life and Trust, and Southern Mutual; in all, thirteen Companies. 

No replies have been received from other Companies, with the excep- 
tion of one letter from the Secretary of the American Mutual, of New 
Haven, declining to furnish the data, but offering to furnish results deduced 
by themselves, which proposition the committee would respectfully refer to 
the Convention for action. 

The committee have thought that the object contemplated in their 
appointment would be the better attained if the contributions from the 
various Companies were to remain unopened until further action by the 
Convention, when it was hoped that all contributing Companies, including 
those not represented in the last Convention, would be present, and have a 
voice in the final disposition of the data. The committee have then con- 
fined themselves to the duty of inducing as many Companies as possible to 
contribute their quotas to a general fund, and now place the various contri- 
butions at the disposal of the Convention in the same order as when first 
received. 

The committee have thus collected in a simple, concise, yet comprehen- 
sive form, the elementary data according to the official record of thirteen 
Life Companies, and have, in addition, data promised to them from nine 
other Companies. It is not yet known how many live3 and policies, or 
rather years of life, are thus embraced, but the number is undoubtedly 
larger than that from which was deduced the celebrated " Actuaries'," or 
" Combined Experience" Table of Mortality. 

It now remains for the Convention to decide upon what shall be done 
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with the valuable materials thus gathered, at the cost of so much time and 
labour. 

There is at the present moment a fund of no less than 22,000,000 
dollars held in trust and invested by American Life Companies, with annual 
premiums amounting to more than 7,000,000 dollars, covering policies of 
about 180,000,000 dollars on the lives of nearly 60,000 American citizens. 
Is it not time, in a mere pecuniary point of view, that some efforts were 
made to ascertain the laws governing the duration of life in the localities 
thus covered? It has been well said that a knowledge of the laws of mor- 
tality is the very essence and foundation of the system of life insurance; in 
fact, a table of mortality may be called the keystone of the arch upon 
which the vast superstructure of life insurance is based, and upon the accu- 
racy of our tables depend, in a great measure, the stability and safety of the 
great institution (amounting, in this country, to so many millions of a most 
sacred fund), in which we are all so much interested. 

We have now, 'Mr. President, from the best of all sources — viz., 
abstracts from the actual records of the Companies themselves, the pre- 
liminary data for constructing tables and deducing sound and reliable in- 
formation of the greatest practical value. In short, Sir, we have now the 
opportunity of substituting certainty for uncertainty, facts for mere conjec- 
ture, and of placing the whole system of insurance, heretofore greatly 
dependent upon individual judgment, or at least upon foreign observations, 
upon the broad foundation of scientific investigation. If the contributing 
Companies would so arrange their books as that, at stated times — once in 
five or ten years, for instance — a census might be taken, so that we then 
could correct or corroborate our tables from actual experience, little more 
could be desired. 

In placing the contributions in the hands of the Convention, the com- 
mittee would recommend that the task of deducing practical tables having 
special reference to the comparative mortality in the different sections into 
which our country has been divided, at different ages or epochs of life, 
both among native and foreign assured, the determination of the extra risk 
on voyages, &c, and the value of selection, &c, be confided to a proper 
committee. 

Sheppard Homans. 
Thomas W. Russell. 
New York, May, 1860. John Eadie. 



A long discussion seems to have followed the reading of the Report. 
We have space only for some observations by Mr. Homans, the chairman 
of the committee, with reference to their modus operandi. That gentleman 
says, " The committee have not consulted together very much on the best 
plan to be adopted in relation to the matter before the Convention; but it 
seems to me that the best plan would be, perhaps, to appoint a committee 
to deduce the results, and give them authority to employ a person to arrange 
these data in a convenient form. I take it for granted that no person em- 
ployed in a Life Company could give the time necessary for such a work. 
I know it would be impossible for me to do it, but it could be done by a 
clerk at a salary of, say 50 dollars a month, who would arrange the matters 
in such a way that the committee could at once deduce the information they 
require, and the different tables that they think requisite, or that the Con- 
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vention thinks requisite. That, I think, would be the cheapest and the 1 
most certain way of arriving at the information sought for. Of course, the 
tables of mortality could only be deduced by persons who have given some 
little attention to that subject. There are many persons in this country 
who would be willing to give their assistance freely — and, indeed, this is 
not a very small labour — for the sake of helping on the cause of Life 
Insurance. I have no doubt that any committee which the Convention will 
appoint will freely give their information and labour." 



CORRESPONDENCE. 



AUTHORSHIP OF THE TREATISE ON PROBABILITY PUBLISHED 
BY THE SOCIETY FOR THE DIFFUSION OF USEFUL KNOW- 
LEDGE. 

To the Editor of the Assurance Magazine. 

Dear Sir, — In your last Number (p. 143) my friend Sir John Lubbock 
says, in a note relative to the Useful Knowledge treatise on probability by 
himself and the late Mr. Drinkwater Bethune, that " if anyone shall pre- 
tend that this work was written by De Morgan, I can produce the letter of 
my lamented friend with which he furnished our manuscript to Mr. Coates." 
This is a sly joke about the state of things which I shall describe; but to 
those who are not in the secret there will be something mysterious about it. 
I am glad of the opportunity of once more setting right a mistake which 
has now lasted at least fifteen years. 

When anything anonymous on mathematics turns up in the Useful 
Knowledge publications, it was written by me: this is one of the funda- 
mental laws of thought. Bacon says that the mind delights in springing 
up to general maxims, that it may find rest; and the mind of the catalogue- 
maker finds rest in the maxim that I am the author of all the anonymous 
mathematics published by the Useful Knowledge Society. About 1845, a 
binder, in obedience to the general law, stamped an issue of Lubbock and 
Drinkwater (Bethune) on Probability with the title "De Morgan on 
Probabilities," in gold letters. In the Arabian Nights, when a traveller 
tells the Sultan some particularly veracious story, it is ordered to be written 
in letters of gold and deposited in the archives of the kingdom. The 
story above is as well entitled to the bright alphabet as any which the 
Princess Schehezerade (or Scheherezade, I forget which) ever told for one 
day more of life; but our manners, though not wholly averse from lying, 
properly gilt, do not absolutely require us to perpetuate false titles; I there- 
fore printed one correction of this mistake in my "Arithmetical Books" 
(1847), and others in other places. But what can a sober black-and-white 
statement, shut up inside a book, do against a brilliant misstatement on 
the outside? The only chance is to make the statement long enough to 
attract attention, and I have spun this letter out accordingly. 

Yours truly, 
November 8, 1860. A. DE MORGAN. 



